Abstract
Introduction

36
Organic farming and production has been regulated at EU level since 1991. On May 23 (2014), both groups of fish were starved according to normal farm practices before 133 they were transported by a well-boat from the rearing cage to the sea cages at the processing 134 plant where they were acclimated for 2 days before commercial slaughtering (percussive 135 stunning combined with gill cutting followed by chilling and bleeding (seawater, 0°C, 20-30 136 min). 137 After slaughtering, fifteen gutted Atlantic salmon of each group (organic: gutted weight 5.1-138 5.8 kg, condition factor (Cf): 0.91-1.21, and conventional: gutted weight 5. 1.25) in total thirty salmon were filleted and weighed before the right fillets were transported 140 on wet ice in polystyrene boxes to Sør-Trøndelag University College (HiST, Trondheim, 141 Norway). The right fillets were divided into two different groups. The first group (both organic 142 and conventional fillets) were used to study raw fillet quality whereas the second group (both 143 organic and conventional fillets) were used in a cold smoking trial . In the first trial six randomly chosen organic and conventional fillets were stored on 145 ice for 22 days to study the stability of flesh carotenoids, colour (CIE, 1994) and from organic-and conventional fish muscle by a method after Bligh and Dyer (1959) 167 with slight modifications. 168 Total amount of lipids was calculated by net weight and the lipids were thereafter analysed 169 for total amounts of carotenoids together with distribution of carotenoids and fatty acids (FA).
170
The distribution of FA were analyzed as FA methyl-esters in the lipid fraction extracted from 171 the feeds and the organic-and conventional fish muscle, respectively. FA methyl-esters were 172 analyzed by gas chromatography (GC) (Agilent 6850 GC-system, Waldbronn, Germany) 
Chemical composition of the feeds and white salmon muscle
217
The organic salmon feed contained significantly more protein and less lipids and water 218 compared to the conventional feed ( Table 2 The composition of carotenoids (% distribution) in the organic and conventional feed and in 232 the respective salmon are presented in Table 3 . The conventional feed consists of mainly 233 astaxanthin, but lutein (11.7%) and canthaxanthin (2.0%) were also found. In the conventional salmon however, only traces of canthaxanthin were found whereas 235 astaxanthin and lutein had nearly the same distribution as the feed (87.9 and 12.2%, 236 respectively). The organic feed consists of several different carotenoids; astaxanthin (45.2%), 237 adonirubin (20.2%), adonixanthin (9.6%), canthaxanthin (7.7%), lutein (5.9%), β-carotene 238 (4.4%), echinenone (3.5%), asteroidenone (1.9%) and 3-hydroxyechinenone (1.4%). The fatty acid (FA) distribution of the organic and conventional feeds were found to be 248 significantly different (Table 4 , Multivariat GLM; P<0.001). The organic feed had significantly 249 higher contents of C14:0, C16:0, C16:1n-7, C18:4n-3, C20:1n-9, C20:4n-6, C20:5n-3 (EPA), 250 C22:1n-9, C22:5n-3 and C22:6n-3 (DHA) fatty acids compared to the conventional feed. The 251 FA profile of the salmon flesh reflected the profile of the feeds, which resulted in 252 significantly higher contents of ∑SFA and ∑PUFA in the organic as compared to the 253 conventional salmon. The n-3/n-6 ratio was significantly higher in the organic feed as 254 compared to the conventional (n-3×n-6 -1 = 0.9 versus 2.1, respectively; Table 4 ). In the fish 255 however, a higher n-3/n-6 ratio was observed for both groups, and organic salmon had a 256 three times higher ratio when compared to the conventional salmon (1.2 versus 3.3, 257 respectively; Table 4 ).
258
The distribution of ∑SFA, ∑MUFA, ∑PUFA and the ratio between n-3 and n-6 PUFAs in the 259 salmon muscle were found to be affected by feed (organic versus conventional) and storage 260 time (GLM, P<0.001, Figure 3 ). During storage a significant increase of ∑SFA was observed in 261 conventional muscle (P=0.023). In stored organic fish muscle however, the content of ∑SFA 262 was insignificant (P>0.101) but numerically higher. Moreover, a significant decrease of ∑MUFA 263 was observed for both the organic and conventional salmon (4.7 versus 3.7 percentage point; 264 P=0.002 and P<0.001, respectively) over the storage period. As a consequence of a lower content of ∑MUFA, a relative increase of ∑PUFA was observed in both groups as affected by 266 storage time (organic: 3.7 percentage points, P=0.001; conventional: 2.8 percentage points, 267 P<0.001). Moreover, changes in FA profile during storage resulted in a higher n-3/n-6 ratio.
268
The n-3/n-6 ratio increased 43 and 30 percent between day 2 and 22 for organic-and 269 conventional salmon, respectively (P<0.001).
270
The content and stability of vitamin E throughout the shelf life of the organic and conventional 271 salmon fillets is shown in Figure 4 
Discussion
287
The fish examined in the presented study were obtained from two nearby fish farms 288 producing organic and conventional Atlantic salmon, respectively. Both farms were located 289 in Romsdalsfjorden, Norway with a distance of 2.5 km between them and with equal 290 environmental conditions. The organic fish had been fed organic salmon feed from smolt 291 input to harvest, and followed an organic production protocol, while the conventional groups of salmon as compared to the contents in respective feeds were caused by a selective digestion, transport or absorption of specific FAs, and/or differences in desaturase 328 and elongase enzyme activity in the salmon. In fresh water, wild Atlantic salmon parr 329 consume invertebrates that contain lots of C18:2n6 and C18:3n-3 with minor contents of 330 C20:5n-3 and almost no C22:6n-3. After smoltification salmon enters the marine 331 environment where their diets are naturally rich in n-3 HUFAs (C20:5n-3 and C22:6n-3). The 332 genes encoding the desaturase and elongase enzymes responsible for the conversion of 333 C18:3n-3 to C22:6n-3 are downregulated soon after the salmon migrate to the seawater.
334
Several studies have however suggested that salmonids can utilize vegetable oils in seawater 335 provided the diets containing enough C18:3n-3 to satisfy essential fatty acid requirements 336 (Bransden et al., 2003; Polvi and Ackman, 1992) . There are also evidences that no "switch Rotabakk, 2015; Lerfall et al., 2015; Ofstad et al., 1996) . In the presented study however, Several factors such as; fillet colour, fatty acid profile and the marked prize is important for 384 consumers' willingness to buy organic produced Atlantic salmon. It is no doubt that organic 385 salmon have higher production costs when compared to conventional. It is however difficult 386 to predict the accurate cost differences between organic and conventional salmon since 387 both costs and prizes will vary with the supply and demand of the marked. 
Conclusion
It is concluded that the fillet characteristic of the organic Atlantic salmon showed similar 390 total concentration of muscle carotenoids, but lower contents of astaxanthin, and a more 391 diverse composition of muscle carotenoids than conventional salmon. Organic salmon 392 appeared to have a significantly darker red appearance compared to conventional salmon.
393
Higher contents of n-3 FA, higher contents of SFAs and PUFAs, lower contents of MUFAs 394 were found in organic salmon. Only small differences were however found regarding 395 stability of carotenoids, Vitamin E, FAs and colour during 22 days ice storage, revealing that 396 both organic and conventional produced salmon is well pigmented, and that both natural 397 and conventional pigment sources used in the present study are stable. 
